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REMARKS/ARGUMENTS 

The specification has been amended to remove the group XI, fi"om the Scheme at the 
top of page 27, and fi-om numbered paragraph [0074]. Support for this amendment is foimd, 
for example, at numbered paragraph [0076]. 

Claims 10-12 are new. 

Support for each new and amended claim is found throughout the specification and at 
the originally filed claims. Additionally, support for amended Claims 8 and 10-1 1 is found 
at the Scheme at page 27. Support for Claim 12 is found at the Scheme at page 23. 

Upon entry of the amendment. Claims 1-12 will be active. 

No new matter is believed to have been added. 

Applicants thank Examiner Aulakh for the helpfiil and courteous discussion of 
December 14, 2006, wherein amendments to the claims to address the indefinitness rejection, 
and wherein providing references to address the enablement rejection of Claim 9, were 
discussed. 

Favorable reconsideration of the claims is respectfizlly requested in light of the 
amendments and arguments presented herein. 

The indefiniteness rejection of Claims 1-9 is believed to be obviated by amendments 
to these claims. The term "derivative" has been removed firom the claims, and in its place, 
the term "a benzylamine or its salt" has been inserted. The two offending parentheses of 
Claim 1, described at page 4 of the Official Action, have been deleted. Claims 6 and 7 are 
now drawn to a composition. Claim 8, a method claim, presents a synthetic Scheme and the 
appropriate steps to achieve the synthetic Scheme. Withdrawal of the rejection is 
respectfiiUy requested. 

The enablement rejection of Claim 9 is respectfully traversed. Applicants have 
submitted, along with the paper, abstracts and references which attest to the state of the art at 
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the time of filing of the application. The references describe that NK1/NK2 receptor 
antagonists are usefiil for treating the disease states described in Claim 9. 

For example, Groneberg, at page 11, left colimm, lines 14-18, describe that the 
NK1/NK2 receptor antagonist DKN333 inhibited bronchioconstriction in asthma patients in a 
randomized, double-blind, placebo-controlled, cross over trial. Thus, NK1/NK2 receptor 
antagonists have use in (i.e., are enabled for) treating at least one obstructive bronchial 
disease. 

Further, Okano (please see Okano's abstract) describe that *TsfKl receptors play a role 
in mediating visceral pain, thus showing that the compoimds are enabled for treating pain ." 

In the same paragraph, Okano describes that "TAK-637, an NKl receptor antagonist, 
may be usefiil in treating fimctional bowel disorders such as Irritable Bowel Syndrome ." 

PoUev (please the abstract of PoUev) describes that "GR205171 is a potent antagonist 
of NKl which mediated cranial vasodialation, dural PPE and expression of c-fos in the 
trigeminal nucleus caudalis," and as such, "has potential as a novel therapeutic agent in the 
treatment of migraine (e.g.. a headache) ." 

Tattersall (please see the abstract of TattersalH describes that "MK-0869 and its 
prodrug, L-758,298, have good activity against cisplatin-induced emesis (i.e., vomiting) in 
ferrets" and "provided a basis for the cUnical testing of these drugs for treatment of emesis 
associated with cancer chemotherapy." 

Further, Lecci (please see the abstract of Lecci) describe that **NK2 receptors are 
expressed in the gastrointestinal tract of both animals and humans, and that blockade (i.e., 
antagonism) of NK2 receptors should be considered as a viable mechanism for 
decreasing. ... Flrritable Bowel Svndrome] ." 

Finally, Vassout describes that NKP608, "a specific and potent antagonist at the 
neurokinin-1 (NK-1) receptor both in vitro and in vivo, . . .exhibits an anxiolvtic -like effect." 
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Please see the abstract of Vassout. 

Accordingly, Applicants respectfully submit that because the compounds of the 
instant invention antagonize NK receptors, and because the state of the art at the time of the 
applications filing shows that NK receptor antagonists are usefiil for treating Irritable Bowel 
Syndrome, pain, anxiety, an obstructive bronchial disease (e.g., asthma), headache (e.g., 
migraine) and vomiting. Applicants respectfiiUy submit that Claim 9 is enabled. Withdrawal 
of the rejection is respectfiiUy requested. 

Applicants submit the present application is now in condition for allowance. Early 
notification to this effect is earnestly solicited. 



RespectfiiUy submitted, 
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NKP608: a selective NK-1 receptor antagonist with anxiolytic- 
like effects in the social interaction and social exploration 
test in rats. 



Vassout A. Veenstra S, Hauser K. Ofner S, Bruqger F , 
Schilling W, Gentsch C . 

Pharma Novartis AG, Nervous System, Research, WSJ386-2.45, CH- 
4002, Basel, Switzerland. 

NKP608 is a non-peptidic derivative of 4-aminopiperidine 
which acts as a selective, specific and potent antagonist at 
the neurokinin-1 (NK-l) receptor both in vitro and in vivo. In 
vitro, the binding of NKP608 to bovine retina was 
characterized by an IC50 of 2.6+/-0.4 nM, whereas the 
compound's affinity to other receptor binding sites, including 
NK-2 and NK-3, was much lower. Species differences in IC 
(50) values with NKP608 were less pronounced than with 
previously described NK-1 receptor antagonists, being 13+/-2 
and 27+/-2 nM in gerbil midbrain and rat striatum, 
respectively. In vivo, using the hind foot thumping model in 
gerbils, NKP608 exhibited a potent NK-1 antagonistic activity 
following oral administration (ID(50)=0.23 mg/kg; 2 h 
pretreatment), supporting a central activity of NKP608. The 
compound had a long duration of action with an ID(50} value 
of 0. 15 mg/kg p.o. and 0.38 mg/kg p.o. following a 
pretreatment of 5 and 24 h, respectively. Following a 
subchronic administration for 7 consecutive days (once daily) 
there was no evidence for the development of tolerance or 
accumulation. In the social interaction test performed In a 
highly illuminated, unfamiliar test arena, NKP608 specifically 
increased the time the two rats spent in social contact, and 
there was no concomitant increase in parameters reflecting 
general activity, i.e. ambulation (number of square entries) or 
the number of rearings. Active social time was maximally 
increased at a dose range of 0.01-1 mg/kg p.o. NKP608, the 
effect being weaker or absent at both lower (0.001 mg/kg 
p.o.) and higher (10 mg/kg p.o.) doses. A comparable bell- 
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shaped dose-response relation was seen in the social 
exploration test in rats. In this modified resident/intruder 
paradigm, maximal increase in social contact of the intruder 
rat directed towards the resident rat was seen at a similar 
dose range (0.03-3 mg/kg p.o.) The effects observed 
following an acute oral administration of NKP608 were 
comparable to those seen following a treatment with the well- 
known benzodiazepine, chlordiazepoxide, in both these tests. 
These findings indicate that NKP608 exhibits an anxiolytic-like 
effect and that this effect, as concluded from the observed 
antagonism of the hind foot thumping induced by i.c.v. 
administration of the NK-1 receptor agonist SPOMe, is 
centrally mediated. This makes this compound a potentially 
promising candidate for treating anxiety-related disorders in 
humans. 
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The release of neuropeptides such as *e tachykmm 
substance P or calcitonin gene-related peptide (CGRP) 
can lead to inflammatory effects in the respiratory tract 
The concepts of neurogenic inflammatory events in the 
S^rys and their potential importance for pulmonary 
d have been established since more than a de^de 
(Fiz 1) (1). The initial activation of airway nerves relies 
upln interactions between receptors ^P^^^^d. °° Jj," 
terminal varicosities of airway nerve fibers with endo- 
ge™us inflammatory mediators or with oogenous irri- 
fants such as tobacco smoke or other a.r poUutants. Th s 
activation may end after orthodromic central and anti- 
dromic local reflex pathways to signs of airway inflam- 
mation, bronchoconstriction and airway 'e^iodeling (2) 
Next to the large conducting airways also the small 
Sriays which h'ave been reported to be important jn 
airway inflammation (3) are abundantly innervated with a 
large number of neuromediators being expressed (4). 

Because of the multitude of effects exerted by pepti- 
dergic neuromediators, a bi-directional Imkage between 
cellular and molecular events of airway mflammation and 
Se airway innervation exists (4, 5). TTiese intera^uons 
are orchestrated by a large number of neuromedia ors 
such as tachykinins (6), CGRP, vasoactive intestinal 
Dolypeptide (VIP), gaseous molecules such as nitric oxide 
or carbon monoxide (7, 8) or endogenous opioids. 

The role of the airway innervation and neurogenic 
inflammatory events is well established for expenmental 



models of airway inflammatory and obstructive diseases 
such as bronchial asthma or chronic obstructive pulmon- 
ary disease (COPD). In this respect, a large number of 
mediators of inflammation are known to influence 
sensory and cholinergic nerve activity "nde' f ondmons 
of airway inflammation. It is also accepted that the 
airway innervation and especially sensory nerve fibers 
regulates all major features of human respiratory func- 
tions. However, findings from animal experiments on the 
significance of neurogenic inflammation have not been 
fully extrapolated to the human situation so far. As the 
different pharmacological properties of airway nerve 
mediators, which orchestrate n^ny aspects of ajrway 
inflammation, may also be used as targets for future 
therapeutic strategies, aspects of neurogemc inflamma- 
tion display an important area of research currently. 

The prerent review aims at addressing a comprehensive 
summary of the basic mechanisms of airway neurogenic 
inflammation and comparing data from ammal models to 
those obtained in humans in order to provide msights 
into the current concepts of research in this area. 



Airway innervation 

Next to the classical sympathetic and parasympathetic 
innervation (Table 1), also sensory nerve fibers Proj^t to 
the airways and innervate all major respiratory effector 
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Figure I Current concept of neurogenic inflanunation. After 
peripheral noxious stimulation by airborne substances such as 
allergens or tobacco smoke orthodromic activation of sensory 
ne^f fiber endings takes place. The classical pathway then lead 
via orthodromic transmission into the bramstem. Here, the si^a 
is modulated via intemeurons and then transmitted via efferen 
parasympathetic nerves fibers to induce parasympathetic effects 
after synaptic transmission in local intrinsic airway ganglia. The 
neural events orchestrating neurogenic inflammation start in the 
sensory ganglia perikarya with the induction of pro-inflammatory 
^uro^ptide gene expression. Then the neuropeptides are 
t^ZSantidromicSlyviathesensorynervefibresbac^^^^^^^ 
peripheral endings in the airways. Here, they are locally released 
and propagate the events of neurogenic inflammation. 

cells (Fig 2). The so-called sensory innervation of the 
mammalian airways, which has also been addressed as 
noncholinergic nonadrenergic (NANC) innervation con- 
stitutes a very heterogeneous population of nerves. In this 



respect, sensory nerve fibers are variable in their myeli- 
nation caliber and central nervous input (9). The largest 
portion of mammalian airway-innervating sensory nerve 
fibers originates from vagal ganglia (10, U). However 
also a smaller number of airway sensory nerves originate 
from dorsal root ganglia (12-14) (Fig. 2). 

In the brainstem, the majority of neurons that innervate 
the airways end in the commissural, ventrolateral and 
medial areas of the nucleus tractus sohtanus (15-17). In 
these areas, they have synapses with jnterneurons com- 
municating with medullary networks (18-20). SfU, only 
little is known about the resulting multineuronal circle. It 
is generally assumed that the circle represents a reflex loop 
which is activated by the peripheral stimulation of sensory 
airway neurons leading to the enhancement or inhibition 
of cholinergic nerve fibers which project to numerous 
target cells in the respiratory tract (Fig. 3). 

Apart from the central multineuronal reflex circuit there 
is also a second mode of action found in airway sensory 
neurons: peripheral stimuli in the respiratory tract can 
also lead to a local neuronal mechanism orchestrated by 
sensory neurons (21, 22) expressing pro-inflammatory 
neuropeptides such as CGRP or substance P. As nerve 
fiber terminals and also the receptors for these neuropep- 
tides are localized in the vessel walls, bronchial smooth 
muscles, the epithelial area and around mucus glands (23), 
the local stimulation of sensory neurons projecting to 
these targets and the following neuropeptide release can 
lead to features of inflammation such as hyperemia (24) 
edema (25), mucus hypersecretion (26) and contracUon of 
the bronchial smooth muscle. The underlying processes 
can even be initiated without a prior neuronal depolar- 
ization. Sensory nerve fibers are also known to project to 
local intrinsic airway ganglia (23, 27), which may depo- 
larize in response to tachykinins (28. 29). Therefore, 
peripheral activation of sensory nerve fibers with con- 
secutive neuropeptide release may also lead to a sigmficant 
modulation of centrally mediated medullary reflexes (30). 

Neuropeptides involved in neurogenic inflammation 

Among the large variety of neuropeptides stored in and 
secreted from airway nerves, those which are expressed m 



Table 1. Neuromediators 



Mediator 



Acetylcholine 

Catecholamines 

Tachykinins 

CGRP 

NPY ■ " 
VIP 

PACAP 



Receptor 



Nicotinergic and cholinergic receptors 
Adrenergic receptors 
Tachykinin receptors (NK1. NK2) 

CGRP-receptors 
NPY-receptors 
VPAC1. VPAC2 
VPAC1.VPAC2. PAC1 



Major origin 



Parasympathetic fibers 
Sympathetic fibers 
Sensory fibers 

Sensory fibers 
Sympathetic fibers 

Parasympathetic, sympathetic & sensory fibers 
Parasympathetic, sympathetic & sensory fibers 



Major effects 



Bronchoconstriction 
Bronchodilation 

Inflammation, bronchoconstriction. mucus 
secretion, plasma exudation 
Vasodilation, bronchial tone 
Inflammation 

Bronchodilation, vasodilation, immunomodulation 
Bronchodilation. vasodilation, immunomodulation 



CGRP, calcitonin gene-related peptide: NPY, neuropeptide tyrosine: 



VIP. vasoactive intestinal polypeptide; PACAP, pituitary adenylate cyclase-activating peptide. 
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Figure 2 Anatomical basis of airway innervation. Schematic 
illustration of human airway innervation. The vagus nerve 
supplies all parasympathetic, preganglionic n^^^ons and the 
mjority of sensory nerve fibers. Sympathetic nerve fibers ori- 
ginate from sympathetic cervical and thoracic ganglia^ A 
minority of sensory nerve fibers originates from dorsal root 
ganglia (DRG). 



sensory nerves especially contribute to the events of 
neurogenic inflammation. Their in vitro and m v,vo pro- 
inflammatory and immune effects have been charactenzed 
on numerous respiratory efi-ector cells. They are secreted 
during airway inflammation in reaction to a multitude ot 
inflammatory mediators. More than 50 different non- 
neuronal mediators of airway inflammation have been 
described so far (31), which may propagate the neuropep- 
tide-release from airway sensory nerve fibers in diseases 
such as asthma or COPD (32). These mediators may not 
only induce neuropeptide release but also increase the 
expression of neuropeptide receptors on either neuronal, 
inflammatory or respiratory target cells They may also 
influence the degradation of neuropeptides in the penph- 
ery Although neuropeptides usually originate from airway 
nerves, recent studies indicate non-neuronal sources such 
as inflammatory or epithelial cells, especially m states of 
airway inflammation found in asthma and COPD (33). 

Pro-inflammatory neuropeptides 

Tachykinins 

The major neuropeptides of the tachykinin family released 
into the airways are substance P and neurokmin A. 




Figure 3. Airway innervation. Double-fluorescence 
hiftochemistry illustrating the abundant presence of nerve fi^rs 
and their target cells in the airways. Nerve fibers are .denufied 
with the pan-neuronal marker protem gene P'^f "<=Y ^ ir^Ti 
labeled) and immune cells with the common aU ^^^'^If^^' 
een (C, .LLA, CY3-labeled) marker in the airways of tissues 
from a guinea pig model of chronic airway inflammation 
(ovalbumin-induced). 

Their release from sensory nerves is aff-ected by numer- 
ous other mediators including opioids, dopamine or 
histamine (Fig. 4). Tachykinins influence many respirat- 
ory functions in the lung under both normal and 
pathological conditions (34). Their inducible expression 
has been demonstrated in inflammation, where they act as 
potent regulators of neurogenic inflammation because of 
their pro-inflammatory effects on many airway effector 

"^B^th iibstance P and neurokinin A derive from the 
preprotachykinin (PPT) A gene. They share a common 
carboxyterminus amino acid sequence contammg the 
biologically active domain (35). In the upper and lower 
respiratory tract, tachykinin immunoreactivity is present 
in nerve fibers localized to submucosal glands, airway 
smooth muscle and vasculature (23, 36). Retrograde 
neuronal tracing studies in rats and guinea pigs indicate 
that sensory nerve fibers which innervate the trachea 
mainly originate from the jugular and nodose vagal 
sensory gangha (10, 14). Tachykinin-exprcssmg nerve 
fibers mainly originate from neurons localized in the 
iugular and dorsal root ganglia (10, 13). 

It was shown recently that a furin-mediated cleavage of 
the bovine respiratory syncytial virus fusion protein leads 
to the release of a peptide converted into a biologically 
active tachykinin termed virokinin (37). The cellular 
enzymes involved in the C-terminus maturation of 
virokinin are present in many established cell lines, and 
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Figure 4. Modulation of sensory nerve activity. Sensory nerve- 
Sfdlated airway effects are induced via anudrormc jcU^^^^ 
of pro-inflammatory neuropeptides such as tf^hykinms or 
calcitonin gene-related peptide (CGRP) and their receptors 
NK-l NK-2 and CGRP-R. Sensory nerve activity is regulated 
vi^stimuVation of the vaniUoid TRPVl. bradykinine (B2). or 
hktS (HI) receptor, and inhibited via activation of 
n^erous receptors including adrenergic (a2) opioid (OP3) 
caTabinoid (CB2), dopaminergic (D2). or histamine (H3) 
receptors. 

indeed, virokinin is secreted by virus-infected cells^ 
/„ ,itro experiments revealed that virokinin by itself .s 
capable of inducing smooth muscle contraction (37)^ 
Therefore, the viral tachykinin-like peptide virokimn may 
be considered a novel form of molecular mimicry, by 
wWcS Tvirus may benefit affecting host immune 

"TaThSiSns't known to bind to three different 
G-protein-coupled receptors. These receptoi^ «|an be 
distinguished by their molecular properties and d^erent 
phaniacological affinities for the tachykinin hgands (39) 
While substance P is principally activating the NKl 
receptors, neurokinin A mainly acts via NK2 and 
SSn B via NK3 receptors (4(M2). A differential 
pattern of tachykinin receptor distribution is present m 
fhe respiratory tract: While NKl receptors are predom- 
nantiy localized to the airway epithelium, submucosal 



glands, and vessels. NK2 receptors are mainly expressed 
on the airway smooth muscle (43-45). 

The majority of data in humans are available on the 
regulation and function of tachykinm I'gands^d their 
reoeotors in allergic inflammatory diseases (4fr-49). The 
SctSois of tachykinins and their receptors in diseases 
such as COPD are largely unknown. However, it has been 
reported that tachykinin gene expression is jncreased after 
chronic exposure to cigarette smoke m anmials (50) and 
this mechanism may also exist m humans. 

Pulmonaty effects of tachykinins 

Tachykinins such as substance P neurokinin A exe^^^ 
numerous effects on respiratory target cells. Tachyk mns 
particulariy NKA, potently constrict human airway 
smooth muscle in vitro via NK.-receptors. wi* sigmfi- 
cantlv greater potency in smaller airways (51). ims 
sugg«ts that sensory nerve-derived tachykinins may have 
a role in regulating constrictory effects in more peripheral 
airways whereas choUnergic fiber effects dominate in 
Srger airways. Interestingly, the smaller airways play a 

^r"Ju^S A leads to bronchocon^riaion 
after inhaled or intravenous administration (52). In viiro, 
after removal of the epithelial layer, the >ronchoconstnc- 
ion responses to tachykinins are significantly increased 
(53). This effect points to an increased imporUnce of 
tachykinins in diseases with damaged airway epithehal 
layers such as bronchial asthma or COPD. 

Tachykinins are also known to potently stimulate 
secretion from human submucosal glands m vitro. In th s 
Jespect. they stimulate epithelial goblet cell secreUon. Thi 
effJ^t is accomplished via NK,-re^ptors. The exact 
pathways leading to the induction of muan genes such 

as the primary gel-forming ™?,^^P';^'!f,VScS 
upper and lower respiratory tract, MUC5AC or MUC5B 
?5r57) have not been elucidated so far. Further respir- 
atory effects depending on NK.-receptor signahng are 
plasma vasodilatation and exudation, as well as acetyl- 
choline release facilitation at cholinergic nerve terminals, 
thereby enhancing choUnergic neurotransmission (58). 



Metabolism of tachykinins 

The predominant mode of tachykinin cleavage in the 
airways is propagated by at least two enzymes which are 
neTtral endopeptidase (NEP) and angiotensm converting 
eSySe (ACE) (59). In general, inflammaton^ stimuli 
ST simultaneously increase the synthesis of tachyki- 
nins and decrease the activity of (NEP) leading to an 
SLase in the overall pulmonary effects of tachykm.ns. 
As NEP is expressed in the airway mucosa and submu- 
«>sa it plays the major role in the de^adation of 
SkiniSs in the airways. By cont^t, ACE is predom 
inantiy found in vascular cells and therefore regulatesAe 
cleavage of intravascular peptides. The activity of NEP 
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can affect the responsiveness to tachykinins in the 
airways. In this respect. NEP inhibition has been dem- 
onstrated to significantly increase tachykimns-induced 
bronchoconstriction both in vitro and in ^o. Removing 
the epithelium decreases the activity of NEP. Also, 
tobacco smoke or exposure to viral infections can 
decrease NEP activity and thereby diminish the cleavage 
and degradation of pro-inflammatory tachykinins (5»). 

Calcitonin gene-related peptide 

Calcitonin gene-related peptide is another major neuro- 
peptide that belongs to the class of pro-inflammatory 
sensory neuropeptides (60). a , 

CGRP consisU of 37 amino acids and is a product ol 
calcitonin pre-mRNA alternative splicing. The neuro- 
peptide is expressed and co-localized together with 
tachykinins in sensory nerve fibers, which innervate the 
upper and lower airways of several species, including 
humans (61-63). Next to its expression in airway sensory 
nerve fibers, CGRP has also been detected both at the 
transcriptional and translational level in puhnonary 
neuroendocrine cells. It is expressed in both solitary 
type and cluster type (neuroepithelial body - NEB) at all 
anatomical levels of the respiratory trart reaching from 
the larger to tht lower airways and even alveoh (64, 65). 
The molecular identity of CGRP receptors has not been 
elucidated until recently. Before, numerous receptors 
have been suggested to be assoaated with CORF or 
related peptides but had to be re-classified as orphan 
receptors (66-68). It was recently shown that CGRP 
receptors belong to the family of G-protem coupled 
seven transmembrane receptors as the receptors for 
many other neuropeptide receptors do (69-71). Interest- 
ingly, the activity of CGRP receptors is regulat^ by a 
family of receptor activity-modifying proteins (RAMP) 
leading to different type I or type II CGRP receptors 
(72) 

Binding sites for CGRP in human airways have l^en 
identified using autoradiography (73): they are widely 
distributed through the respiratory tract with a dense 
labeling in the area of bronchial and pulmonary blood 
vessels of all sizes and in alveolar walls. In contrast to 
these densely labeled areas, the airway smooth muscle 
and epithelial layer was only sparsely labeled No 
labeling was found in regions of submucosal glands, 
corresponding to the CGRP-immunoreactive nerve fiber 
distribution (73). Immunohistochemistry to identify 
CGRP type I receptor expression in human bronchial 
blood vessels revealed receptor-immunoreactivity in the 
endothelium of venules but not in the endothelium ot 
arterioles (60). 



Pulmonary effects of CGRP 

Numerous studies have provided direct evidence for 
an important regulatory role of CGRP in multiple 



respiratory functions over the past years These include 
the regulation of the airway smooth muscle tone or of the 
vessel tone (60). However, the exact mode of CGRP 
effects on airway smooth muscle tone is still unclear as 
controversial bronchoconstrictory or -dilatory efiecU 
have been reported in the past years in diff^erent species 
and preparations (60). Recently it was shown for human 
bronchi in vitro that CGRP causes a concentration- 
dependent contraction of epithelium-denuded hmnan 
bronchi whereas no significant effects are found m 
epithelium-intact bronchi (74), indicating a potential 
altered effect of CGRP on airway tone in respiratory 
diseases with a damaged epithelial layer such as asthma 
or COPD. 

In human pulmonary arteries, CGRP causes a concen- 
tration-dependent relaxation of both endothelium-mtact 
and -denuded arteries. Pretreatment with mdomethaan 
prevents the CGRP-induced relaxation in pulmonary 
arteries suggesting that prostaglandins are involved in the 
intracellular signal transduction pathway. By contrast, 
nitric oxide (NO) is not involved in this mechanism as 
pretreatment with the NO synthase inhibitor l-NAME 
does not affect CGRP-induced vascular relaxaUon. The 
CGRP-induced efi-ects on both bronchi and vessels are 
prevented by application of the CGRP-antagomst CGRP 
(74) 

There are no reporte currently available about the 
effects of CGRP on human airway mucus secretion. 
However, although glandular areas only display a yeiy 
low density of CGRP binding sites (73), CGRP might 
affect mucus secretion indirectly by increasing the blood 
flow to submucosal glands. 

Altogether, the complex effects of CGRP on the airway 
and vascular tone and the immune system has nowadays 
prevented the development of any therapeutic strategy 
based on CGRP targets (60). 

Metabolism of CGRP 

Calcitonin gene-related peptide can be subject^ to 
inactivation by several enzymes which are expressed in 
the human respiratory tract. However, the exact c eavage 
pathways have not been revealed so far. Neutral endo- 
peptidase (EC 3.4.24.11) inhibitors have been shown to 
increase some of the CGRP effects in the airways (75). 
Rat alpha-CGRP contains the tetrapeptide eosino- 
phil granule chemotactic factor Val32-Gly-Ser-Glu35 
sequence. This fragment is generated following cleavage 
at a substrate recognition site which is not common tor 
NEP In addition, the chemotactic activity of rat alpha- 
CGRP is increased after proteolysis. By contrast, rat 
beta-CGRP that lacks the tetrapeptide eosinophil gra- 
nulocyte chemotactic factor Val32-Gly-Ser-Glu35 is 
devoid of chemotactic activity. The tetrapeptide has also 
been identified as the primary fragment with chemotactic 
activity towards eosinophil polymorphonuclear leuko- 
cytes (76). 
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Anti-inflammatory neuropeptides 

Next to pro-inflammatory sensory neuropeptides such as 
tachykinins and CGRP, airway-projecting sensory neu- 
rons also contain a variety of other neuropeptides which 
may modulate the neurogenic inflammation. Apart from 
peptides such as secretoneurin which is derived from 
secretogranin II (chromogranin C), localized to sensory 
nerves and a potent attractant of eosinophils (77), anti- 
inflammatory nonsensory peptides may participate in 
events underlying neurogenic inflammation. 

One of the primary anti-inflammatory peptides is VIP 
(78). It is one of the most abundant neuropeptides found 
in the upper and lower human respiratory tract (79-81) 
and a likely neurotransmitter or neuromodulator of the 
inhibitory nonadrenergic noncholinergic airway nervous 
system. Together with pituitary adenylate cyclase-activa- 
tine peptide (PACAP), VIP influences many aspects of 
puhnonary biology (82), and its immunoreactivity is 
present in human airway nerve fibers innervating the 
pulmonary and bronchial vessels, the tracheobronchial 
airway smooth muscle layer, and submucosal glands 
(83 84) Also, receptors for VIP have been identified 
in 'airway epithelial cells and in inflammatoiy cells 
(69-71 85). Next to its prominent bronchodilatory 
effects ' VIP potently relaxes pulmonary vessels. 

Similar to pro-inflammatory peptides, V^^f ^^'^^jected 
to degradation by airway enzymes such as NEP m^t 
cell chymase and mast cell tryptase (87). The NEP 
hydrolysis fragments of VIP are physiologically mactive 
(88). Also, chymase and tryptase VIP-degradation prod- 
ucts fail to relax vascular or airway smooth muscle (89). 

The precise role of VIP in the pathogenesis of asthma 
and COPD is still uncertain. Although a therapy using 
the strong bronchodilatory effects of VIP would offer 
potential benefits, the rapid inactivation of the peptide by 
airway peptidases has prevented ^ jvidespread u^of 
effective VIP-based drugs so far. In this context, the VIP- 
related peptide PACAP-38 may be interesting candi- 
date for further studies, as it has a prolonged half-life m 
the airways, when compared with VIP. 



Interacting mediators 

A further family of biologically active peptides which may 
interact with sensory neurons and thereby propagatmg 
airway neurogenic inflammation are the neurotrophins 
(90) They encompass structurally and functionally rela- 
ted polypeptides with an up to 50% homology of amino 
acid sequence. Neurotrophins induce neuronal outgrowth 
(or development) and differentiation, regulate apoptotic 
mechanisms and influence synaptic function of the centra 
and peripheral nervous system (91). The most prominent 
members of the neurotrophin family are 
factor (NGF), brain-derived neurotrophic factor (BDNF), 
neurotrophin (NT)-3, and NT-4/5. 



In the respiratory tract, the neurotrophins are localized 
to a variety of cell types including mononuclear cells and 
epithelial cells (Table 2). 

The biological activities of these four neurotrophins are 
mediated by tyrosine-specific protei_n kinase CTrk) recep- 
tors encoded by the trk gene and by the low affinity 
p75N^" neurotrophin receptor (92) (Fig. 5). NGF binds 
to a high affinity termed TrkA receptor, dimenzing and 
activating the intrinsic tyrosine kinase by auto-phos- 
phorylation. NT-4 and BDNF bind to and activate 
the TrkB receptor. The TrkC receptor is specific for the 
mediation of NT-3 effects, while all NTs can act at the 
Sw affinity p75^ neurotrophin receptor (92). In several 
chronic inflammatory diseases including chronic airway 
inflammation (93), an important role for f urotrophins 
as inflammatory mediators has been recently demonstra- 
ted. Asthmatic patients exhibit significantly enhanced 
NGF levels in the bronchoalveolar lavage fluid and 
also, intense NGF-inununoreactivity is observed in 
bronchial epithelium, smooth muscle cells and infiltrating 



Table 2. Nerve growth 


factor sources and targets 




Target cell 


Source 


Effect on 


B i ills 


+ 


+ 


Thl cells 


+/-. 




Th2 cells 


+ 


+ 


Mast cells 


+ 


+ 


Eosinophils 


+ 


+ 


Basophils 




+ 


Neutrophils 




+ 


Macrophages 




+ 


Neurons 




+ 


Fibroblasts 


+ 




Epithelial cells 


+ 




Smooth muscle cells 


+ 





+. Production/effects reported; production/effects not reported/not investigated. 



Binding profile 



Low 
affinity 



High 
affinity 




Target cell 

Figures Neurotrophins and their receptors. Neurotrophins 
bind with different aflinities to tyrosine-specific protein kinase 
(Trk) receptors encoded by the trk gene (high affinity) and the 
p^jNTR neurotrophin receptor (low affinity). 
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inflammatory cells in the submucosa (94). Nerve growth 
factor is also expressed in human airway smooth musck 
cells (95). human lung epithelial A549 cells (96) and m 
human fibroblasts (97) under inflammatory conditwns 
By contrast, the precise translational and transcnptiona^ 
expression levels have not been assessed m COPD so lar 
and future studies need to address this issue. 



Neurogenic inflammation in experimental models 

To identify the molecular mechanisms underlying the 
diff-erent events of neurogenic inflammaUon in the mam- 
malian airways, animal models have been studied in great 
detail. These experiments pointed to an inaportant role of 
airway neurogenic inflammatory events which are orch«- 
trated by antidromic released P-^°«™^°^ "X' 
peptides such as tachykinms and CGRP (Fig. 1). Also, 
exogenous substance P administered by aeosol to guinea- 
pigs induces by itself a bronchial hyP^^^^P^-^f 
ainvay inflammation (98). Based on data obtained f om 
these studies, the existence of a neurogemc mflammatory 
component in human airway diseases such as asthma and 
COPD seems very likely. Five major approaches exist to 
investigate the precise role of the autonomous auway 
innervation in models of airway inflammation. These 
encompass strategies using loss-of-function and gain-of- 
function gene-modulating techniques, neuropeptide 
receptor antagonists, inhibition of neuromediator release 
capsaicin depletion strategies, and peptidase inhibitor 
strategies. 



lavage fluid, and antigen-specific serum IgE were 
unchanged. In future, also intracellular signal transduc- 
Ton pathways need to be studied in greater detail 
Candidate genes involved in both asthma and COPD 
are i.e. MAPK signaling pathways such as p38 or c-Jun N 
terminal kinase (JNK) or SM AD proteins. They are likejy 
to be imporunt signal transducers in airway effector cells 
and airway-innervating neurons (102-104). 

A second important peptide family that has been 
studied in great detail for its role in the orchestration of 
chronic inflammatory airway changes ^re^^e neurotro- 
phins By use of different approaches of neurotrophm 
receptor or ligand overexpression or targeted gene- 
depletion, an important role of this regul^^^^^fon 
was proposed for the regulation of airway inflammation 

(105, 106). 

Neuropeptide receptor antagonism 

Antagonism of the selective neuropeptide receptors rep- 
resents a useful tool to discriminate the Prec^e role of 
neuropeptides. This approach was used to identify 
tachykinin effects: the NK,-receptor antagonist CP 
96345 significantly blocked plasma exudation "J response 
to vagal stimulation and to cigarette smoke (107). T-his 
receptor-specific antagonization did not have any imp act 
on bronchoconstrictory responses, but was blocked by 
selective NK^-antagonists (108). The antagonization of 
NK.-receptors also led to a decrease in bradykinin- and 
hyperpnoea-induced plasma exudation, but did not alter 
acute allergen-induced plasma exudation m sensitized 
guinea pigs (109). 



Gain-of-function and loss-of-function models 
The targeted deletion of tachykinin receptor or ligand 
genes within a loss-of-function model displays aii import- 
ant current approach to dissect the distinct biologica 
effects of these neurotransmitters in vivo. An important 
haUmark was the targeted deletion of the gene encoding 
the NK, receptor. It was revealed that these mi^ were 
healthy and fertile, but the characteristic amplification 
and intensity coding of nociceptive reflexes was absent 
(99) Although substance P was shown not to mediate the 
signaling of hyperalgesia or acute pain, it was essential for 
the full development of stress-induced analgesia and for 
an aggressive response to territorial challenge. This 
pointed to an unexpected role in the adaptive response 
fo stress of the peptide. The deletion of the NK, receptor 
lene in mice was also shown to affect respiratory 
fesponses to hypoxia but not to alter the respiratory 
network maturSion (100). The role of the tachykinin 
NK. receptor was also investigated in a f J^^"' 
induced airway inflammation m these mice (101). While 
the loss-of-function of the NKi-receptor enhanced base- 
line carbachol-induced airway responsiveness, it did not 
modulate the effect of allergen in the airways: aurway 
inflammation as inflammatory cells m bronchoalveolar 



Blockage of neuropeptide release 

A further approach to assess the impact of neurogemc 
inflammatory events on airway inflammation is blockade 
of neuropeptide release. In this respect, a number of drugs 
has been identified to act directly on receptors located on 
prejunctional airway sensory nerves and inhibit neuro- 
peptide release (19). Among these substances, opioids 
have been attributed to be the most effecuve class of 
inhibitors. They exert their influence predominant y 
acting via prejunctional OP3 receptors that were formerly 
Sd n-re4ptors (Fig. 4). With regard to mucus 
Scretion representing a major feature of both asthma 
and COPD, opioids have been reported to inhibit 
cigarette smoke-, capsaicin- and electrically-induced gob- 
let cell secretion in the guinea pig trachea. It was 
suggested that they inhibit cholinergic-mediated goblet 
cell secretion via prejunctional OP3 (n) and OP. (5) 
receptors and sensory nerve-mediated goblet cell secre- 
tion via OP3 receptors (110). In human tissues, the OP3 
(U) opioid ligands reduce cholinergic responses to electric 
field stimulation (EFS), most likely via inhibiting the 
release of acetylcholine from postgangUonic parasympa- 
thetic nerve fibers innervating the airway smooth muscle 
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f 1 1 1) Apart from the respiratory expression and function 
of classical opioids and opioid receptors, further groups 
of opioid-like peptides such as endomorphins and noci- 
ceptin have been identified in the respiratory tract (112) 
In contrast to endomorphin-1 that acts via the classical 
OP, (u) receptor, nociceptin has been reported to bind to 
a new receptor termed opioid receptor-like-receptor 
(ORLl) Nociceptin inhibits EFS-stimulated chohnergic 
parasympathetic bronchoconstriction in the guinea pig 
013) This inhibition was not affected by the non selecUve 
opioid receptor antagonist naloxone and nociccptm was 
thus suggested to act prejunctionally via a novel opioid 
receptor, possibly ORLl (113). . 

Also studies demonstrated that nociceptin inhibits 
nonadrenergic noncholinergic contraction in guinea-pig 
airways (114). This inhibitory effect was mediated 
through a prejunctional mechanism involving none ol 
the classical (OP.-OPj) opioid receptors. Opioid receptor- 
like-receptor-mRNA was found to be expressed in the 
upper vagal sensory gangUa, where the cell bodies of the 
tachykinin-containing sensory neurons are located. Also, 
nociceptin-immunoreactive nerve fibers m the airway 
wall, distinct from the tachykinin-contaimng fibers were 
identified as a pulmonary source of nociceptin (115). By 
use of the specific nociceptin receptor anUgomst phelp- 
ScH2-Nl ^Gly2]NC(l-13)NH2 ([F/G]NC(1-13)NH2), 
the nociceptin-induced inhibition of tachykinergic con- 
traction was subsequently identified (116). A further 
report using the new ORLl receptor nonpeptide antag- 
onist J-1 13397 indicates that nociceptin may inhibit 
capsaicin-evoked tachykinin release from sensory nerve 
terminals in guinea pig lung by a prejunctional mechan- 

Also,^endomorphin-l and -2 (EM-1, EM-2) were 
identified as potent inhibitors of EFS-induced tachykin- 
ergic contractions of guinea pig isolated bronchi. 
Whereas EM-1 was reported to act as OP3 (^) receptor 
agonist, EM-2 was not blocked by any antagonist of the 
classical opioid receptors in isolated bronchi (112). 
For human and guinea-pig trachea, endomorphm-l and 
-2 have also been shown to inhibit cholinergic contractile 
responses. This inhibition was prevented by naloxone 
suggesting that both peptides act via the OP3 (|i) opioid 
receptor in the cholinergic component of tracheal smooth 
muscle constriction (118). However, in striking contrast 
to the promising modulatory efi-ects of classical and new 
opioids, effective therapeutic strategies have not been 
developed so far. Next to opioids, a number of other 
molecules may also actively inhibit nerve activity. i.e. via 
targeting calcium-activated large conductance^tassnmi 
channels expressed in sensory airway nerve fibers (119). 
To the same extent, targeting other ion channels 
expressed on sensory neurons may lead to an inhibition 
of neurogenic inflammatory events m the airways (110). 
Also local anesthetics may potentially inhibit sensory 
neuropeptide release, suggesting that major similarities m 
the events contribute to airway inflammation observed m 



asthma and COPD, and hyperalgesia observed in clinical 
pain syndromes. 

Neuropeptide depletion studies 

In rodents, pretreatment with capsaicin leads to a 
depletion of neuropeptides from sensory nerves of adul 
animals. This approach can be performed in neonatal 
animals and leads to a nerve fiber degencraUon In rat or 
guinea pig. pretreatment with capsaicin leads to an 
inhibition of tobacco-smoke microvascular leakage and 
goblet cell secretion (9). Capsaicin-depleted sensory nerve 
fibers may also contribute to microvascular leakage 
induced by hypertonic saline, hyperventilaUon, or hypo- 
capnia (120). In addition, capsaicin affects airway respon- 
siveness to cholinergic agonists in guinea pigs (UO). 
Pretreatment with capsaicin also blocks airway hypcrre- 
sponsiveness induced by viruses in guinea pigs (121). inis 
points to a role of capsaicin-sensitive sensory airway 
nerves in the regulation of airway responsiveness. 

Targeting neuropeptide cleavage 

Targeting the cleavage of neuropeptides represents a 
further tool to characterize the role of neurogenic 
inflammation in the airways as the activity of neuropep- 
tide-degrading enzymes may determine the fUent ot 
airway neurogenic inflammation. Inhibiting NEP by its 
inhibitors thiorphan or phosphoramidon leads to an 
increase in neurogenic inflammation (59). Enzymes such 
as NEP are not specific for tachykinins and may also 
cleave many other biologically active peptides. Therefore, 
the inhibition of neuropeptide cleavage does not distin- 
guish between pro- and anti-inflammatory classes of 
neuropeptides and interacting peptides in vivo. After 
inactivation by proteolysis, the fragments are removed by 
peptide transporters which are expressed m the respirat- 
ory tract (122, 123) and other organs (124, 125). In 
contrast, viral infections aff-ect neural responses in guinea 
pigs by inhibiting peptide cleavage. Sendai vims infection 
for instance increases airway neurogenic inflammation, 
and mycoplasma infections lead to enhanced nucrovas- 
cular leakage that is mediated by NEP m rats (126, 127). 
A further virus related to neurogenic inflammation is the 
influenza virus as its neuraminidase enhances tachykinin- 
induced bronchoconstriction (128). In summary, the 
different effects on airway neurogenic inflammation 
caused by respiratory infections as observed in animal 
models may be explanatory for the potentially deleterious 
effects of respiratory infections in patients with COPU 
and asthma. 



Neurogenic inflammatory events in human airways 

While a large amount of indicative data on the important 
role of neurogenic inflanunatory events m the 
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development and progression of chronic airway mflarn- 
mation has been reported in the past decades in animal 
models of airway inflammation, much less is known 
about the role of these neural mechanisms in human 
airway diseases. 



Human respiratory sensory Innervation 

There seems to be major species-specific differences 
between human and animal respiratory tract mnervaUon, 
as many of the findings on airway innervation or 
promising eff-ects of compounds targeting sensory nerves 
were not replicated with human tissues. In specific, studies 
have failed to confirm an increase in substance P m lung 
tissues from patients with asthma (129) or an increase in 
substance P-immuno reactive nerve fibers in airways ot 
asthmatic patients (130). Also, neither contractile 
responses to capsaicin nor distinct e-NANC responses 
have been demonstrated in human airways in vitro. 

While the guinea pig innervation is the closest 
approach to the human situation among all common 
laboratory species, there are still differences present: In 
general sensory nerve fibers containing substance P and 
CGRP are of lower number in the human respiratory 
tract as compared with guinea-pig airways. Whereas these 
fibers constitute a large portion of total epithelial nerve 
fibers in the guinea pig airways, they have been estimated 
at only about 1% in humans (131). However, this 
preliminary data needs further morphological studies to 
clarify this issue. In particular, the extrinsic and intrmsic 
murine airway innervation is surprisingly unknown, 
although this species is commonly used to assess mech- 
anisms of airway inflammation and interactions between 
nerve fibers and the immune system. 

In contrast to these potential anatomical and func- 
tional discrepancies, airway neuronal plasticity is gener- 
ally accepted to occur in human pulmonary diseases. To 
assess if alterations in neuronal subpopulations are 
disease-specific or an epiphenomenon of the inflamma- 
tion, different subtypes of chronic upper airway diseases 
including hyperreflectoric rhinitis (36), aspinn-sensitive 
rhinitis (80) and toxic rhinitis (62) have been examined. 
Hyperreflectoric rhinitis is a chronic upper airway 
inflammatory disease related to a nonspecific hyperreac- 
tivity. Expression profiling for substance P, CGRF, VlF, 
and neuropeptide tyrosine (NPY) revealed an abundant 
presence of nerve fibers expressing these peptides m the 
airways. Neuropeptide-expression in mucosal nerves was 
also quantitatively assessed and significant increases were 
found for substance P (3.00 ± 0.37 vs 1.64 ± 0 34 
staining intensity in the control group) and VIP 
(2 33 ± 0.42 vs 0.82 ± 0.33) (36). These results demon- 
strate differences in levels of neuropeptides in the inner- 
vation of human nasal mucosa between nonrhinitic and 
hyperreflectoric rhinitic subjects and pointed to a 
modulatory role of neuropeptide-specific subpopulations 



of nerve fibers in hyperreflectoric rhinitis. Irritative toxic 
rhinitis is induced by chemical compounds such as 
tobacco smoke, ozone, solvents, formaldehyde, nickel, 
or chrome which are also known to be associated to the 
development and progression of COPD and asthma. 
Semiquantitative immunohistochemistry for substance P, 
CGRP, VIP and NPY demonstrated significant differ- 
ences between rhinitis patients and controls: Toxic 
rhinitis patients had significantly increased expression 
scores for VIP (2,83 ± 0.31 vs 1.27 ± 0.47 contro 
group) and NPY (3.17 ± 0.31 vs 0.91 ± 0.37 control 
group) (62). These results indicated a diff'erential partici- 
pation of subclasses of mucosal nerves in the pathophys- 
iology of toxic rhinitis and suggested that the changes in 
nerve profiles found in toxic rhinitis and hyperreflectonc 
rhinitis are disease-specific and not an epiphenomenon of 
inflammation. 

Next to toxic rhinitis and hyperreflectonc rhinitis, 
aspirin-sensitive rhinitis was investigated which repre- 
sents the manifestation of aspirin intolerance in the upper 
airways (80). The disease is a pseudoallergy against 
aspirin and related nonsteroidal anti-inflammatory drugs. 
Immunohistochemical analysis demonstrated that aspi- 
rin-sensitive rhinitis patients also had a significant 
increase in VIP-immunoreactive nerve fibers (80). 

These changes observed for the diff^erent forms of 
chronic upper airway inflammation may be partly ref- 
lated via neurotrophins. NGF significantly increases the 
transcription of the preprotachykinin-A (PPT-A) gene 
which encodes for substance P and neurokinin A in vitro 
(132) The NGF expression is increased in asthma (133), 
and might therefore account for the induction of 
substance P in airway nerves under inflammatory condi- 
tions In this respect, eariier studies reported an increase 
in the number of substance P-immunoreactive nerve 
fibers in the airways of patients with fatal asthma (134). 
Also increased concentrations of substance P were 
documented in the bronchoalveolar lavage fluids of 
patients with asthma, with a further rise following 
allergen challenges (135). Substance P has also been 
found in the sputum of asthmatic patients after inhalation 
of hypertonic saline (136). However, it was difficult to 
replicate these findings in other populations and other 
studies did not reveal any increases (129, 130). At the 
receptor level, it was reported that the NKi-receptor gene 
expression is increased in the airways of asthmatic 
patients (137). Also, an abnormal expression of NKj- 
receptors was documented in asthma (138). 



Potential pharmacologicai options 

Although the precise role of neuirogenic inflammatory 
events has not been fully defined in human asthma 
and COPD so far, tachykinin receptor antagonism, 
sensory nerve activity-modification or neuropeptide 
release-inhibition still represent potential targets for 
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pharmacological interventions. Also, novel molecular 
targets for the delivery of drugs have been identified 
(139) that offer promising pathways to deUver com- 
pounds directly to the airways via proton-coupled uptake 
mechanisms (140). 

Tachykinin receptor antagonists display promising 
tools but a number of clinical studies conducted m 
asthmatic patients did not lead to any promising result in 
the first place. The first study used the nonselective 
tachykinin antagonist FK.224 and demonstrated inhibi- 
tory effects on bradykinin-induced bronchoconstnction 
in asthmatic patients (141). Also a more selective NKr 
receptor antagonist revealed a reduction in the duration 
of exercise-induced asthma (142). However, there was no 
consistent effect on the maximal bronchoconstnction. 
Additionally, a further potent NKi-receptor antagonist 
(CP 99994) did not show any inhibitory effect on either 
hypertonic saline-induced bronchoconstnction or on 
cough (143). However, the administration of a dual 
tachykinin NKi/NK2-antagonist DNK333 was recently 
reported to inhibit neurokinin A-induced bronchocon- 
stnction in asthma patients in a randomized, double- 
blind, placebo-controlled, crossover tnal (144). This 
reported difference of four doubling doses of NKA at 
1 h was decreased to a di^erence of 0.9 doubling doses at 
10 h post-treatment (14^.). The results indicated that, 
although tachykinin NKj-receptors mediate most of the 
direct smooth muscle contracting effect of neurokinin A, 
tachykinin NKi-receptors are also involved in tachyki- 
nin-induced bronchoconstnction in humans. 

Further approaches are the inhibition of sensory nerve 
activation. This may be accomplished by use of local 
anesthetics. But it has proved to be complicated to 
control the local deposition and to achieve adequate local 
respiratory concentrations (145). Surprisingly, even para- 
doxical bronchoconstrictions have been found in 
response to the administration of these compounds, 
which may be based on inhibition of tonic nonadrenergic 
bronchodilator reflexes. 

Substances such as opioids that inhibit the release of 
neuropeptides via prejunctional mechanisms may also be 
implicated in the future treatment of chronic airway 



diseases. However, OR3 (^)-opioid agonists such as the 
pentapeptide BW443C did not prove to be eff-ective m 
inhibiting metabisulphite-induced bronchoconstnction 
while they exhibited potent inhibitory effects on EFS 
(111) The compound may have been inactivated by 
epithelial NEP activity and future studies using nove 
synthetic substances are required to identify potential 
therapeutic options. 



Conclusion 

There are a large amount of data pointing to an 
important role of the sensory innervation and neurogenic 
inflammatory events in the development and progression 
of experimental airway inflammation in laboratory ani- 
mals. In contrast, still only little is known about the 
precise role of neurogenic inflammation in human airway 
diseases such as asthma or COPD. This lack of in-depth 
knowledge depends on major difficulties to extrapolate 
the data obtained from experimental in vivo and in vitro 
studies to human asthma and COPD. However, there is 
no doubt that afferent nerve fibers participate in the 
orchestration of inflammatory changes occurring m 
human airway diseases, as maiy symptoms are known 
to be directly dependent on nerve fiber activity. Also, 
novel molecular targets for the delivery of peptide-based 
drugs have been identified (139) that off^er promising 
pathways to deliver compounds to the airways (140). 
Therefore, identifying the precise role of neurogenic 
inflammation in asthma and COPD requires further 
attention and may focus in future on precise mechanisms 
of afferent nerve sensitization, the role of neuronal ion 
channels, and the interactions found between inflamma- 
tory cells and airway neurons. 
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